Introduction
The crystalline structure properties of ZnO films were characterized by X-ray diffraction (XRD) (Bruker D8) measurement in 2θ range of 20-80 o using CuKα radiation with a wavelength of 325 nm. The optical characteristics were measured by the photoluminescence (PL) spectra with the He-Cd laser of 633 nm and UV-Vis-NIR spectrophotometer (UVD-350). The Hall measurement (HMS-5000) using four-point probe van der Pauw configuration was used to measure the electrical properties at room temperature.
Znic Oxide (ZnO) with the properties of bipolar, wide direct bandgap (3.37 eV), and larger exciton binding energy of 60 meV (> GaN of 28 meV) have become attraction as transparent conductors, [1] , piezoelectrics [2] , and short-wavelength emission material [3] for the applications in light emitting diodes, lasers, solar cell [4] [5] [6] . The ZnO film can be grown by several technologies, such as chemical spray pyrolysis process [7] , sputtering [8] , molecular beam epitaxy (MBE) [9] , thermal CVD [10] , metal-organic chemical vapor deposition (MOCVD) [11] , and plasma-enhanced MOCVD (PEMOCVD) [12] . Among the possible competing technologies, PEMOCVE has a number of key advantages including large area deposition at low growth temperature, conformal, and easy integration within a complete preparation scheme of final device. However, conventional PEMOCVD system with two parallel electrodes always brings about the ion bombardment damage so that the film grown by this method always needs post-annealing to reduce the lattice dislocation. In order to overcome this problem, a vertical-plasma-enhanced metal organic chemical vapor deposition (VPEMOCVD) method was reported in this article. The as-grown ZnO film represents a low resistivity and a high transmittance (visual ragne) without dopant and post-annealing.
Results and discussions
The reaction of DEZn and O 2 can be written as follows:
( [13] . At a temperature below 300 o C, the growth rate increases with the increasing substrate temperature, indicating that the film growth rate is limited by the surface reaction. In the temperature range of 350-550 o C, the growth rate shows a slight decrease with increasing substrate temperature due to the mass transport of source gas and a slight decomposition of ZnO film. With further increasing the substrate temperature above 600 o C, the growth rate decreases dramatically because of the gas-phase nucleation.
Experimental details
The ZnO thin film was grown on nsg soda_lime glass substrate by VPEMOCVD system using O 2 as the oxidant for diethylzinc (DEZn) carried by Ar gas. The working pressure was kept 30 mtorr and the substrate temperature changed from 300 to 600 o C by a PID-controlled resistive heater mounted on the back of the heating stage. The RF power was coupled to the chamber using an automated match network and held constant at 100 W. The thickness of ZnO thin film was about 500~600 nm. The flow rate of DEZn and O 2 are around 60 sccm and 20 sccm, respectively. The growth temperature varies from 300-600 o C to investigative the effect of temperature for the as-grown ZnO film. Fig. 1 shows the schematic structure of VPEMOCVD system. Fig. 3 shows the normalized X-ray diffraction patterns of ZnO film under varied substrate temperature. In Fig. 3 , it can be found that the substrate temperature will affect the crystalline of ZnO film. With reduce substrate temperature below 350 o C, the diffraction spectra represents a strength (101) peak due to the high deposition rate [14] as can be seen in Fig.2 . In the temperature range of 400-600 o C, (002) diffraction peaks at around 34 o and (103) diffraction peaks at around 63 o appear in the diffractogram, which present the ZnO films are of hexagonal wurtzite structure. The (002) Fig. 4 shows the PL spectra of ZnO fims under room temperature as the function of substrate temperature. The PL optical properties also represent the similar behavior as the structural characteristics that the film shows a sharp peak corresponding to the band-edge at 3.24 eV. In addition, a green luminescence (GL) can be observed in Fig. 4 due to the deep center of oxygen (or Zinc vacancy) [15] 5 indicates the transmittance and reflectance as a function of the substrate temperature in the visual range. It is clear that the transmittance of the ZnO film at substrate temperature range of 300-500 o C is above 85% while the reflectance represents a low value below 15%. However, the transmittance of the ZnO film grown at 600 o C shows a slight decrease below 85% due to the gas-phase nucleation. Finally, the electrical properties were measured by Hall measurement and the carrier concentration, mobility, and resistivity related to the substrate temperature was shown in Fig. 6 . As can be seen in Fig. 6 , the highest carrier concentration occurs at 500 o C. Increasing or decreasing the substrate temperature beyond 500 o C will reduce the carrier concentration. This result is due to that the (002) peak is dominated as shown in Fig. 3 
